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MULTI-TIERED CACHES IN DATA
RENDERING

CROSS REFERENCE TO RELATED CASES

This application 1s a non-provisional of U.S. Patent Appli-
cation Ser. No. 61/583,861, entitled “MULTI-TIERED
CACHES IN DATA RENDERING”, filed on Jan. 6, 2012,

which 1s hereby incorporated by reference 1n 1ts entirety.

TECHNICAL FIELD

This disclosure relates generally to database application
programs on a mobile device.

BACKGROUND

A mobile device, such as a smart phone, can execute an
application program that access one or more data stores. The
application program can include, for example, a database
reporting program that 1s configured to display a formatted
view of data stored in the one or more data stores, or a
database editing program that 1s configured to update the data
in the one or more data stores. The data stores can be hosted
on server computers that are located remotely from the
mobile device. For the application program to access the data
stores, the mobile device can utilize one or more connections
to the data stores through a communications network.

The application program can generate a data report to be
displayed on a display screen of the mobile device. The dis-
play screen may not be sufliciently large to display the data
report 1n the entirety. For example, the data report can include
hundreds or thousands of rows or columns of data. At any
given time, the display screen can only legibly display a
portion of the rows of data of the data report. A user intertace
item (e.g., a “previous page” button and a “next page” button)
can be utilized to allow a user to browse through the data
report.

SUMMARY

Methods, program products, and systems for rendering
data using multi-tiered caches are described. A system can
render a first section ol data and store the rendered first
section of data 1n a first tier cache. The system can determine
that a data field, when rendered, straddles the rendering of the
first section of data and a rendering of a second section of
data. The system can generate a rendering of the data field and
store the rendering of the data field 1n a second tier cache.
When rendering the second section of data, the system can
use the rendered data field stored 1n the second tier cache
instead of regenerating the rendering of the data field.

Multi-tiered caches can be implemented to achieve the
tollowing advantages. Multi-tiered caches can allow a user to
seamlessly scroll through a large data report on a mobile
device, even when the data report 1s not stored 1n memory 1n
the entirety. When a user scrolls through the large data report,
the user can experience scrolling through the entire data
report, rather than viewing the data report page by page.
Transitions between display bulfers can occur automatically
and smoothly. The entire data report need not be formatted at
once and stored 1n memory, thus saving computing resources
of the mobile device.

The mobile device can retrieve data from a remote data
store 1n segments rather than retrieving data all at once or
retrieving a new data record whenever a new row of data enter
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2

a display window. Thus, the bandwidth of data communica-
tions between the mobile device and the data store can be
utilized efliciently.

Creating display content of a second display butfer betfore
a scroll window actually reaches the display content of the
second display bufler can provide smooth transitions from
one display buffer to another. Due to the efficient use of data
communication bandwidth and the smooth transition, a user
can have a better experience browsing a large data report
generated from data 1n a remote data store using a multi-tiered
caches than using conventional technologies

The details of one or more implementations of multi-tiered
caches are set forth 1n the accompanying drawings and the
description below. Other features, aspects, and advantages of
multi-tiered caches will become apparent from the descrip-
tion, the drawings, and the claims.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1illustrates exemplary data chunking using multi-
tiered caches.

FIG. 2 1s tree diagram illustrating exemplary relations
between first tier caches and second tier caches.

FIG. 3 1s a block diagram illustrating an exemplary data
structure for relating first tier caches and second tier caches.

FIG. 4 1s block diagram 1llustrating exemplary techmques
for updating a cache.

FIG. 5 1s a flowchart 1llustrating an exemplary process of
data rendering using multi-tiered caches.

FIG. 6 1s a block diagram of an exemplary system archi-
tecture for implementing the features and operations of FIGS.
1-5.

FIG. 7 1s a block diagram 1llustrating an exemplary device
architecture of amobile device implementing the features and
operations of FIGS. 1-5.

FIG. 8 1s a block diagram of an exemplary network oper-
ating environment for the mobile devices implementing fea-
tures and operations of FIGS. 1-5.

Like reference symbols 1n the various drawings indicate
like elements.

DETAILED DESCRIPTION

Overview

FIG. 1 1illustrates exemplary data chunking using multi-
tiered caches. Mobile device 100 can use a multi-tiered
caches to improve display speed when data chunking 1s used.
Data chunking 1s a techmique that includes displaying a large
body of content in segments, or chunks, using multiple dis-
play builers.

The display content can include a portion of a data report.
The data report can include formatted data records produced
by an exemplary application program executing on mobile
device 100. A data record can be a unit of data. A formatted
data record can be a data record that 1s given specific display
characteristics, e.g., width, height, font size, space above, and
space below. The exemplary application program can be a
database reporting program or a database editing program.
The application program can retrieve data from data store
120. Data store 120 can be a local data store hosted on mobile
device 100, or a data store hosted remotely from mobile
device 100. In this example, data store 120 can be a remote
data store connected to mobile device 100 through a wired or
wireless communications network 101. The application pro-
gram can create the data report by formatting the retrieved
data.
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The data report created by the application program, in the
entirety, may not fit on a single display screen. The data report
can include data retrieved using various selection critena.
Multiple data records 1n data store 120 can satisty the selec-
tion criteria. A data set that includes all data records that
satisty the selection criteria can be large when formatted,
compared to what can be displayed on a single display screen
102 at one time. For example, the application program can
create an employee/sales revenue report that can include hun-
dreds or thousands of rows. Due to limitation by a physical
s1ze of display screen 102, not all formatted data records can
be displayed at once. Accordingly, mobile device 100 can
determine to retrieve and format the data records a segment at
a time.

Mobile device 100 can segment the data report of the
application program into multiple segments or chunks. Each
segment of the data report can include a portion of a formatted
data record (e.g., a portion of a large text body), a formatted
data record 1n the entirety, or multiple formatted data records.
Each segment of the data report can be stored 1n a display
buller as display content. The display buifer can include a
section of memory or other storage device. The display butfer
(e.g., display buffer 106) can have a size (e.g., 10,000 pixels
in height) that 1s larger at least in one dimension than a size of
display screen 102 (e.g., 640 pixels 1n height for a smart
phone, or 1024 pixels in height for a tablet device).

Mobile device 100 can provide scrollable window 104 that
corresponds 1n size with display screen 102. Scrollable win-
dow 104 can be a portion of display buifer 106 that 1s cur-
rently being displayed on display screen 102. Scrollable win-
dow 104 can respond to a user input (e.g., a gesture on a
touch-sensitive display device) and scroll up or down, lett or
right, or in another direction, according to a direction of the
input. When scrollable window 104 scrolls within the bound-
aries of display buffer 106, ¢.g., between an upper boundary
and a lower boundary, 1f the scrolling 1s vertical, mobile
device 100 can provide display content 1n display butier 106
tor display without having to retrieve more data records from
data store 120 or from a local cache or formatting the data
records.

When mobile device 100 determines that scrollable win-
dow 104 will cross a boundary of display butter 106, mobile
device 100 can create display content for display butier 108 1n
anticipation of the crossing. For example, when scrollable
window 104 reaches a boundary of display buffer 106, or 1s
proximate to and scrolls towards the boundary of display
butfer 106, mobile device 100 can create display content of
display builer 108, including retrieving more data records and
formatting the retrieved data records. The display content 1n
display butler 106 and the display content 1n display buifer
108 can be neighboring portions of a same data report. The
display content 1n display buifer 106 and 108 can border one
another at the boundary.

In some 1implementations, mobile device 100 can retrieve
all data records that satisty the selection criteria, and store the
retrieved data records, or formatted data records, 1n a data
storage space. Mobile device 100 can retrieve data stored 1n
the data storage space and format the retrieved data, if the data
have not been already formatted, to create display content of
display buffers 106 and 108 without further accessing data
store 120. Mobile device 100 can store a rendering of a
section of the data in display buifer 106. A rendering of a
section of the data can include the section of data formatted
according to a layout and stored 1n a display butfer in a format,
¢.g., bitmap format, that 1s ready for display. Mobile device
100 can create renderings of sections data on an as-needed
basis. For example, mobile device 100 can generate a render-
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4

ing of data and store the rendering 1n display builfer 108 only
when mobile device 100 determines that a user 1s going to
access the rendering 1n display buifer 108 soon. Display
butfers 106 and 108 are first tier caches.

A data field, when formatted, may not perfectly fit 1n a
single display bufler. For example, data field 110, when for-
matted, can be a rectangle having a width and height. The
rectangle can straddle multiple display buifers. A portion of
data field 110, when rendered, e.g., formatted and stored 1n a
form ready for display, can be stored 1n display butier 106.
Another portion of data field 110, when rendered, can be
stored 1n display butier 108. When mobile device 100 creates
display content of display butiters 106, mobile device 100 can
identify data field 110, which is partially inside display butifer
106. Mobile device 100 can format data field 110 to create a
rendering of data field 110 and store the rendering of data field
110 1n a second tier cache. When mobile device 100 generates
content 1n display builer 108 later, mobile device 100 can
utilize a portion of the rendering of data field 110 stored 1n the
second tier cache, rather than formatting data field 110 again.

Mobile device 100 can create a data structure for managing,

the multi-tiered caches including the first tier cache and sec-
ond tier cache. Mobile device 100 can create a tree for each
first tier cache. For example, mobile device 100 can create a
tree 1n which a representation of display buffer 106 1s a root.
The second tier cache storing the rendering of data field 110
can be a child node of the root in the tree. Each root can have
multiple children nodes, each child node corresponding to a
second tier cache.

Based on a location of data field 110, e.g., whether data
field 110 1s located at the top, bottom, left, or right of display
butfer 106, mobile device 100 can 1dentify one or more addi-
tional display butifers to which the second tier cache 1s a child

node. For example, data field 110 can be located at the bottom
of display buifer 106. Accordingly, data field 110 straddles

display buifers 106 and 108. Mobile device 100 can add the
second tier buflfer, which stores a rendering of data field 110,
to a tree 1n which display buffer 108 1s a root. When mobile
device adds the second tier butler to the tree in which display
buifer 108 1s aroot, display buifer 108 may or may not contain
a rendering of data.

When mobile device 100 generates a rendering of data for
display buffer 108, mobile device 100 need not retrieve data
field 110 from data store 120 or reformat data field 110.
Instead, mobile device 100 can traverse children nodes of
display buifer 108 to 1identily existing second tier caches. If a
second tier cache, e.g., the second tier cache of data field 110
already exists, mobile device can incorporate at least a portion
of the rendering 1n the second tier cache into the rendering of
data for storing in display butiier 108.

Tiers Of Caches

FIG. 2 1s tree diagram illustrating exemplary relations
between first tier caches and second tier caches. A system,
¢.g., mobile device 100, can relate multiple tiers of caches
using exemplary tree 200. Tree 200 can include root node
202. Root node 202 can represent a first tier cache, e.g., a
display buifer. Root node 202 can have children nodes 204,
206, and 208. Each child node of root node 202 can represent
a second tier cache. A second tier cache 1s a child node of a
root node 11 at least a portion of a rendering of data stored in
the second tier cache 1s part of a rendering of data 1n the first
tier cache represented by the root node. A second tier cache
can store a rendering of one or more data fields. For example,
the second tier cache represented by node 204 can include two
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data fields. Child node 204 of rootnode 202 can have children
nodes 210 and 212, each of which representing one of the two

data fields.

The system can store multiple trees, each of which having
a structure that 1s similar to tree 200. When the system moves
from a first display butler to a second display butler, e.g., 1n
response to a user mput scrolling a display window, the sys-
tem can determine 1f the second display buffer has a child
node that includes a rendering of data. If so, the system can
render at least a portion of the second display buffer using the
content in the second tier cache.

When the system requests an update on content of a second
tier cache, e.g., the second tier cache represented by node 204,
the system can determine 1f one or more data fields repre-
sented by the children nodes of node 204 1s to be updated. The
system can minimize the amount of data to be updated by
updating only a data field that has changed, e.g., the data field
represented by node 210, rather than updating all date fields.

FIG. 3 1s a block diagram 1llustrating an exemplary data
structure for relating first tier caches and second tier caches. A
system utilizing multi-tiered caches can represent caches 1n
different tiers 1n an n-to-n relationship. For example, a first
tier cache can relate to multiple second tier caches, as
described above 1n reference to FIG. 2. Likewise, a second
tier cache can relate to multiple first tier caches.

The system can store metadata, e.g., 1dentifiers and geom-
etries, of one or more first tier caches 1n first tier cache table
302. First tier cache table 302 can be keyed by identifiers of
the first tier caches. The system can store metadata of one or
more second tier caches 1n second tier cache table 304. Sec-
ond tier cache table 304 can be keyed by identifiers of the
second tier caches.

The system can store relations between first tier caches and
second tier caches in relation table 306. Relation table 306
can have a composite key that includes an 1dentifier of a first
tier cache and an 1dentifier of a second tier cache, which are
foreign keys to first tier cache table 302 and second tier cache
table 304, respectively. When the system updates content
displayed on a display screen based on a rendering stored 1n a
first tier cache, the system can traverse relation table 306 to
identify all second tier caches that relate to a the first tier
cache, or all first tier caches that relate to a given second tier
cache. The system can use the relationship to build exemplary
tree 200 as described above in reference to FI1G. 2

Updating a Cache

FI1G. 4 15 block diagram illustrating exemplary techniques
for updating a cache. Lower tier cache 402, ¢.g., a second tier
cache, can be associated with rendering listener 404 and
updating listener 406. Rendering listener 404 can be a soft-
ware component of a system utilizing multi-tiered caches that
1s configured to cause the system to update lower tier cache
402 when rendering conditions change. Rendering conditions
of lower tier cache 402 can change when, due to a change 1n
display geometry, lower tier cache 402 that 1s originally asso-
ciated with a group of higher tier caches 1s associated with a
different group of higher tier caches.

For example, lower tier cache 402 can include a data field
corresponding to a row of data 1n a database table. Lower tier
cache 402 can straddle a first display buifer and a second
display buiier. When a new row of data 1s imnserted before the
row ol data of lower tier cache 402, lower tier cache 402 can
move downward. When lower tier cache 402 moves down-
wards, the portion of lower tier cache 402 that 1s 1n the first
display buffer can decrease, and the portion of lower tier
cache 402 that 1s 1n the second display buifer can increase.
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[.ower tier cache 402 can move such a distance that lower tier
cache 402 1s completely mside of the second display butfer

and no longer straddles two display buflers. Likewise, when
a row of data 1s deleted before the row of data of lower tier
cache 402, lower tier cache 402 can move upward. The sys-
tem can register data rows that, 1f changed, can cause lower
tier cache 402 to move with rendering listener 404.

The system can maintain list 408 of upper tier caches, e.g.,
first tier caches. List 408 can be associated with lower tier
cache 402. When lower tier cache 402 is to be updated 1n
response to a detection of change of rendering conditions by
rendering listener 404, the system can traverse the upper tier
caches 1n list 408 to determine which, 11 any, upper tier cache
needs to be updated. The update can include an update 1n a
structure of a tree 1n which an upper tier cache 1s represented
by a root node.

In addition to rendering listener 404, lower tier cache 402
can be associated with updating listener 406. Updating lis-
tener 404 can be a software component of the system that 1s
configured to cause the system to update lower tier cache 402
when data in lower tier cache 402 change. Data 1n lower cache
402 can change when, for example, data of a data field that 1s
rendered in lower cache 402 change, causing a height or width
ol a rendering of the data field to change. Upon detecting a
data change, the system can update lower tier cache 402, and
traverse the upper tier caches 1n list 408 to determine which,
il any, upper tier cache 1s to be updated.

Exemplary Data Rendering Processes

FIG. 5 1s a flowchart 1llustrating an exemplary process 500
of data rendering using multi-tiered caches. A system imple-
menting multi-tier caches can generate (502) a rendering of a
first section of data. The data can be a data item retrieved from
a database. The rendering of the first section of data can
include a portion of the data retrieved from the database that
1s formatted according to a layout. The layout can include an
arrangement ol one or more data fields for presentation. The
system can format the data for rendering according to the
arrangement of a corresponding data field in the layout. The
rendering of the first section of data can be a bitmap at least a
portion of which can be displayed on a display device. The
bitmap can be stored 1n a first tier cache.

The system can determine (504) a data field that, when
rendered, straddles the rendering of the first section of data
and a rendering of a second section of data. The data field can
be a repeating data field that corresponds to multiple and
separate values. Determining the data field that straddles the
rendering of the first section of data and the rendering of a
second section of data can include determining a geometry of
the rendering of the first section of data and a geometry of the
rendering of the data field based on data fetched from a
database and a layout for formatting the data. The system can
then determine, based on the geometry of the rendering of the
first section of data and the geometry of the rendering of the
data field, that a first portion of the data field, when rendered,
1s mnside the first rendering, and that a second portion of the
data field, when rendered, 1s outside the first rendering.

The system can generate (506) a rendering of the data field
separately from the rendering of the first section of data and
the rendering of a second section of data. The system can store
the generated rendering of the data field 1n a cache. The cache
can be a second tier cache. Storing the generated rendering of
the data field can include storing the generated rendering of
the data field 1n a tree data structure that includes multiple
nodes in multiple tiers. A parent node in the tree data struc-
ture, e.g., a node 1n a first tier, can represent the rendering of
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the first section of data. A child node of the parent node, e.g.,
a node 1n a second tier, can represent the rendering of the data

field.

The system can receive a change 1n the first section of data.
The change can 1nclude a change of rendering conditions of
the data field. The system can i1dentity the rendering of the
data field according to the tree data structure, and update the
rendering of the data field according to the change. The sys-
tem can update a portion of the rendering of the data field that
1s outside the rendering of the first section of data.

The system can generate (508) the rendering of the second
section of data based on the rendering of the data field stored
in the cache. In rendering the second section of the data, the
system can retrieve data from a database and format the data
according to a layout, except the data for the data field, which
have already been formatted.

Exemplary System Architecture

FIG. 6 1s a block diagram of an exemplary system archi-
tecture 600 for implementing the features and operations of
FIGS. 1-5. Other architectures are possible, including archi-
tectures with more or fewer components. In some 1implemen-
tations, architecture 600 includes one or more processors 602
(e.g., dual-core Intel® Xeon® Processors), one or more out-
put devices 604 (e.g., LCD), one or more network interfaces
606, onc or more 1nput devices 608 (e.g., mouse, keyboard,
touch-sensitive display) and one or more computer-readable
mediums 612 (e.g., RAM, ROM, SDRAM, hard disk, optical
disk, flash memory, etc.). These components can exchange
communications and data over one or more communication
channels 610 (e.g., buses), which can utilize various hardware
and software for facilitating the transier of data and control
signals between components.

The term “computer-readable medium” refers to a medium
that participates 1n providing instructions to processor 602 for
execution, including without limitation, non-volatile media
(c.g., optical or magnetic disks), volatile media (e.g.,
memory) and transmission media. Transmission media
includes, without limitation, coaxial cables, copper wire and
fiber optics.

Computer-readable medium 612 can further include oper-
ating system 614 (e.g., a Linux® operating system), network
communication module 616, database interface 620, format-
ter 630, and cache manager 640. Operating system 614 can be
multi-user, multiprocessing, multitasking, multithreading,
real time, etc. Operating system 614 performs basic tasks,
including but not limited to: recognizing input from and pro-
viding output to devices 606, 608; keeping track and manag-
ing files and directories on computer-readable mediums 612
(e.g., memory or a storage device); controlling peripheral
devices; and managing traific on the one or more communi-
cation channels 610. Network communications module 616
includes various components for establishing and maintain-
ing network connections (e.g., software for implementing
communication protocols, such as TCP/IP, HT'TP, etc.).

Database interface 620 can include computer instructions
that, when executed, cause processor 602 to establish and
manage one or more connections to a database. Processor 602
can retrieve data from the database through the connections.
Formatter 630 can include computer instructions that, when
executed, cause processor 602 to format one or more data
fields according to a layout. Cache manager 640 can include
computer instructions that, when executed, cause processor
602 to manage tiers of caches for rendering data.

Architecture 600 can be implemented 1n a parallel process-
ing or peer-to-peer inirastructure or on a single device with
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one or more processors. Software can include multiple soft-
ware components or can be a single body of code.

The described features can be implemented advanta-
geously 1n one or more computer programs that are execut-
able on a programmable system including at least one pro-
grammable processor coupled to recerve data and instructions
from, and to transmit data and instructions to, a data storage
system, at least one mput device, and at least one output
device. A computer program 1s a set of instructions that can be
used, directly or indirectly, in a computer to perform a certain
activity or bring about a certain result. A computer program
can be written 1n any form of programming language (e.g.,
Objective-C, Java), including compiled or interpreted lan-
guages, and 1t can be deployed 1n any form, including as a
stand-alone program or as a module, component, subroutine,
a browser-based web application, or other unit suitable for use
In a computing environment.

Suitable processors for the execution of a program of
istructions include, by way of example, both general and
special purpose microprocessors, and the sole processor or
one of multiple processors or cores, of any kind of computer.
Generally, a processor will recerve mstructions and data from
a read-only memory or a random access memory or both. The
essential elements of a computer are a processor for executing
instructions and one or more memories for storing instruc-
tions and data. Generally, a computer will also include, or be
operatively coupled to communicate with, one or more mass
storage devices for storing data files; such devices include
magnetic disks, such as internal hard disks and removable
disks; magneto-optical disks; and optical disks. Storage
devices suitable for tangibly embodying computer program
instructions and data include all forms of non-volatile
memory, including by way of example semiconductor
memory devices, such as EPROM, EEPROM, and flash
memory devices; magnetic disks such as internal hard disks
and removable disks; magneto-optical disks; and CD-ROM
and DVD-ROM disks. The processor and the memory can be
supplemented by, or incorporated in, ASICs (application-
specific integrated circuits).

To provide for interaction with a user, the features can be

implemented on a computer having a display device such as a
CRT (cathode ray tube) or LCD (liquid crystal display) moni-
tor for displaying information to the user and a keyboard and
a pointing device such as a mouse or a trackball by which the
user can provide input to the computer.
The features can be implemented 1n a computer system that
includes a back-end component, such as a data server, or that
includes a middleware component, such as an application
server or an Internet server, or that includes a front-end com-
ponent, such as a client computer having a graphical user
interface or an Internet browser, or any combination of them.
The components of the system can be connected by any form
or medium of digital data communication such as a commu-
nication network. Examples of communication networks
include, e.g.,aLAN, a WAN, and the computers and networks
forming the Internet.

The computing system can include clients and servers. A
client and server are generally remote from each other and
typically interact through a communication network. The
relationship of client and server arises by virtue of computer
programs running on the respective computers and having a
client-server relationship to each other. In some embodi-
ments, a server transmits data (e.g., an HITML page) to a client
device (e.g., for purposes of displaying data to and receiving
user input from a user interacting with the client device). Data
generated at the client device (e.g., a result of the user inter-
action) can be received from the client device at the server.
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A system of one or more computers can be configured to
perform particular actions by virtue of having software, firm-
ware, hardware, or a combination of them installed on the
system that in operation causes or cause the system to perform
the actions. One or more computer programs can be config-
ured to perform particular actions by virtue of including
instructions that, when executed by data processing appara-
tus, cause the apparatus to perform the actions.

While this specification contains many specific implemen-
tation details, these should not be construed as limitations on
the scope of any mmventions or of what may be claimed, but
rather as descriptions of features specific to particular
embodiments of particular inventions. Certain features that
are described 1n this specification in the context of separate
embodiments can also be implemented in combination 1n a
single embodiment. Conversely, various features that are
described in the context of a single embodiment can also be
implemented in multiple embodiments separately or in any
suitable subcombination. Moreover, although features may
be described above as acting in certain combinations and even
initially claimed as such, one or more features from a claimed
combination can in some cases be excised from the combi-
nation, and the claimed combination may be directed to a
subcombination or variation of a subcombination.

Similarly, while operations are depicted 1n the drawings 1n
a particular order, this should not be understood as requiring
that such operations be performed in the particular order
shown or 1n sequential order, or that all illustrated operations
be performed, to achieve desirable results. In certain circum-
stances, multitasking and parallel processing may be advan-

tageous. Moreover, the separation of various system compo-
nents 1 the embodiments described above should not be
understood as requiring such separation in all embodiments,
and 1t should be understood that the described program com-
ponents and systems can generally be integrated together in a
single software product or packaged into multiple software
products.

Thus, particular embodiments of the subject matter have
been described. Other embodiments are within the scope of
the following claims. In some cases, the actions recited in the
claims can be performed 1n a different order and still achieve
desirable results. In addition, the processes depicted in the
accompanying figures do not necessarily require the particu-
lar order shown, or sequential order, to achieve desirable
results. In certain implementations, multitasking and parallel
processing may be advantageous.

FI1G. 7 1s a block diagram of an exemplary architecture 700
for a mobile device implementing the features and operations
of FIGS. 1-5. A mobile device (e.g., mobile device 100) can
be, for example, a handheld computer, a personal digital
assistant, a cellular telephone, an electronic tablet, a network
appliance, a camera, a smart phone, an enhanced general
packet radio service (EGPRS) mobile phone, a network base
station, a media player, a navigation device, an email device,
a game console, or a combination of any two or more of these
data processing devices or other data processing devices.

Mobile device 100 can include memory interface 702, one
or more data processors, 1mage processors and/or processors
704, and peripherals interface 706. Memory interface 702,
one or more processors 704 and/or peripherals interface 706
can be separate components or can be integrated in one or
more integrated circuits. Processors 704 can include applica-
tion processors (APs) and baseband processors (BPs). The
various components in mobile device 100, for example, can
be coupled by one or more communication buses or signal
lines.
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Sensors, devices, and subsystems can be coupled to periph-
erals interface 706 to facilitate multiple functionalities. For
example, motion sensor 710, light sensor 712, and proximity
sensor 714 can be coupled to peripherals mtertace 706 to
facilitate orientation, lighting, and proximity functions of the
mobile device. Location processor 715 (e.g., GPS receiver)
can be connected to peripherals interface 706 to provide
geopositioning. Flectronic magnetometer 716 (e.g., an inte-
grated circuit chip) can also be connected to peripherals inter-
tace 706 to provide data that can be used to determine the
direction of magnetic North. Thus, electronic magnetometer
716 can be used as an electronic compass. Accelerometer 717
can also be connected to peripherals interface 706 to provide
data that can be used to determine change of speed and direc-
tion of movement of the mobile device.

Camera subsystem 720 and an optical sensor 722, e.g., a
charged coupled device (CCD) or a complementary metal-
oxide semiconductor (CMOS) optical sensor, can be utilized
to facilitate camera functions, such as recording photographs
and video clips.

Communication functions can be facilitated through one or
more wireless communication subsystems 724, which can
include radio frequency receivers and transmitters and/or
optical (e.g., infrared) receivers and transmitters. The specific
design and implementation of the communication subsystem
724 can depend on the communications network(s) over
which a mobile device 1s intended to operate. For example, a
mobile device can include communication subsystems 724
designed to operate over a GSM network, a GPRS network,
an EDGE network, a Wi1-F1 or WiMax network, and a Blue-
tooth network. In particular, the wireless communication sub-
systems 724 can include hosting protocols such that the
mobile device can be configured as a base station for other
wireless devices.

Audio subsystem 726 can be coupled to a speaker 728 and
a microphone 730 to facilitate voice-enabled functions, such
as voice recognition, voice replication, digital recording, and
telephony functions.

I/0 subsystem 740 can include touch screen controller 742
and/or other input controller(s) 744. Touch-screen controller
742 can be coupled to atouch screen 746 or pad. Touch screen
746 and touch screen controller 742 can, for example, detect
contact and movement or break thereof using any of a plural-
ity of touch sensitivity technologies, including but not limited
to capacitive, resistive, inirared, and surface acoustic wave
technologies, as well as other proximity sensor arrays or other
clements for determining one or more points of contact with
touch screen 746.

Other input controller(s) 744 can be coupled to other input/
control devices 748, such as one or more buttons, rocker
switches, thumb-wheel, infrared port, USB port, and/or a
pointer device such as a stylus. The one or more buttons (not
shown) can include an up/down button for volume control of
speaker 728 and/or microphone 730.

In one implementation, a pressing of the button for a first
duration may disengage a lock of the touch screen 746; and a
pressing ol the button for a second duration that 1s longer than
the first duration may turn power to mobile device 100 on or
off. The user may be able to customize a functionality of one
or more of the buttons. The touch screen 746 can, for
example, also be used to implement virtual or soft buttons
and/or a keyboard.

In some implementations, mobile device 100 can present
recorded audio and/or video files, such as MP3, AAC, and
MPEG files. In some implementations, mobile device 100
can include the functionality of an MP3 player, such as an
1IPod™ Mobile device 100 may, therefore, include a pin con-
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nector that 1s compatible with the 1Pod. Other input/output
and control devices can also be used.

Memory 1nterface 702 can be coupled to memory 750.
Memory 750 can include high-speed random access memory
and/or non-volatile memory, such as one or more magnetic
disk storage devices, one or more optical storage devices,
and/or tlash memory (e.g., NAND, NOR). Memory 750 can
store operating system 732, such as Darwin, RTXC, LINUX,
UNIX, OS X, WINDOWS, or an embedded operating system
such as VxWorks. Operating system 752 may include instruc-
tions for handling basic system services and for performing,
hardware dependent tasks. In some implementations, operat-
ing system 7352 can include a kernel (e.g., UNIX kernel).

Memory 750 may also store communication instructions
754 to facilitate communicating with one or more additional
devices, one or more computers and/or one or more Servers.
Memory 750 may include graphical user interface instruc-
tions 756 to facilitate graphic user 1nterface processing; sen-
sor processing instructions 738 to facilitate sensor-related
processing and functions; phone instructions 760 to facilitate
phone-related processes and functions; electronic messaging,
istructions 762 to facilitate electronic-messaging related
processes and functions; web browsing instructions 764 to
facilitate web browsing-related processes and functions;
media processing instructions 766 to facilitate media process-
ing-related processes and functions; GPS/Navigation mstruc-
tions 768 to facilitate GPS and navigation-related processes
and 1nstructions; camera instructions 770 to facilitate camera-
related processes and functions; magnetometer data 772 and
calibration instructions 774 to facilitate magnetometer cali-
bration. The memory 750 may also store other software
instructions (not shown), such as security instructions, web
video instructions to facilitate web video-related processes
and functions, and/or web shopping 1nstructions to facilitate
web shopping-related processes and functions. In some
implementations, the media processing mstructions 766 are
divided 1nto audio processing instructions and video process-
ing instructions to facilitate audio processing-related pro-
cesses and functions and video processing-related processes
and functions, respectively. An activation record and Interna-
tional Mobile Equipment Identity (IMEI) or similar hardware
identifier can also be stored in memory 750. Memory 750 can
include data cache management nstructions 776 configured
to cause, when activated, one or more processors 704 to
manage tiers of caches for rendering data.

Each of the above identified instructions and applications
can correspond to a set of mstructions for performing one or
more functions described above. These instructions need not
be implemented as separate software programs, procedures,
or modules. Memory 750 can include additional instructions
or fewer instructions. Furthermore, various functions of the
mobile device may be implemented 1n hardware and/or in
soltware, including 1n one or more signal processing and/or
application specific integrated circuits.

Exemplary Operating Environment

FIG. 8 1s a block diagram of an exemplary network oper-
ating environment 800 for mobile devices implementing the
features and operations of FIGS. 1-5. Mobile devices 802a
and 8025 can be mobile device such as mobile device 100 of
FIG. 1. Mobile devices 802a and 8026 can, for example,
communicate over one or more wired and/or wireless net-
works 810 in data communication. For example, a wireless
network 812, e.g., a cellular network, can communicate with
a wide area network (WAN) 814, such as the Internet, by use
of a gateway 816. Likewise, an access device 818, such as an
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802.11g wireless access device, can provide communication
access to the wide area network 814.

In some implementations, both voice and data communi-
cations can be established over wireless network 812 and the
access device 818. For example, mobile device 802a can
place and receive phone calls (e.g., using voice over Internet
Protocol (VoIP) protocols), send and recerve e-mail messages
(e.g., using Post Office Protocol 3 (POP3)), and retrieve elec-
tronic documents and/or streams, such as web pages, photo-
graphs, and videos, over wireless network 812, gateway 816,
and wide area network 814 (e.g., using Transmission Control
Protocol/Internet Protocol (TCP/IP) or User Datagram Pro-
tocol (UDP)). Likewise, 1n some implementations, the mobile
device 802H can place and receive phone calls, send and
receive e-mail messages, and retrieve electronic documents
over the access device 818 and the wide area network 814. In
some 1mplementations, mobile device 802a or 8025 can be
physically connected to the access device 818 using one or
more cables and the access device 818 can be a personal

computer. In this configuration, mobile device 802a or 8025
can be referred to as a “tethered” device.

Mobile devices 802a and 8025 can also establish commu-
nications by other means. For example, wireless device 802a
can communicate with other wireless devices, e.g., other
mobile devices 802a or 8025, cell phones, etc., over the
wireless network 812. Likewise, mobile devices 8024 and
80256 can establish peer-to-peer communications 820, e.g., a
personal area network, by use of one or more communication
subsystems, such as the Bluetooth™ communication devices.
Other communication protocols and topologies can also be
implemented.

The mobile device 802a or 802H can, for example, com-
municate with one or more services 830 and 840 over the one
or more wired and/or wireless networks. For example, one or
more location services 830 can determine one or more loca-
tion 1dentifiers of wireless access gateways (cell towers or
wireless access points ) and latitude and longitude coordinates
associated with the location 1identifiers, and provide the one or
more location 1dentifiers to mobile devices 802a and 8025 for
determining current locations mobile devices 802a and 8025
using the location 1dentifiers. One or more data store services
840 can provide data services including shared data services.
The data store services 840 can include service of providing
data and layout for formatting the data.

Mobile device 802a or 8025 can also access other data and
content over the one or more wired and/or wireless networks.
For example, content publishers, such as news sites, Really
Simple Syndication (RSS) feeds, web sites, blogs, social
networking sites, developer networks, etc., can be accessed
by mobile device 802a or 8025. Such access can be provided
by invocation of a web browsing function or application (e.g.,
a browser) 1n response to a user touching, for example, a Web
object.

A number of implementations of the subject matter have
been described. Nevertheless, 1t will be understood that vari-
ous modifications can be made without departing from the
spirit and scope of the mvention.

What 1s claimed 1s:

1. A method comprising;:

generating, by one or more computing devices, a rendering

of a first section of data and storing the rendering of the
first section of data in a first data butter;

determining, by the one or more computing devices, a data

field that, when rendered, straddles the rendering of the
first section of data and arendering of a second section of
data that will be stored 1n a second data butter, the data
field, when rendered, including a first portion and a
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second portion, wherein determining that the data field
straddles the renderings includes determining that the
first portion of the data field, when rendered, 1s stored 1n
the first data butler and that the second portion of the
data field, when rendered, will be stored in the second
data bufter;

generating, by the one or more computing devices, a ren-

dering of the data field separately from the rendering of
the first section of data and the rendering of a second
section of data and storing a rendered first portion of the
data field and a rendered second portion of the data field
in a cache; and

generating, by the one or more computing devices, the

rendering oi the second section of data, including at least
storing the rendered second portion of the data field, as
stored 1n the cache, 1n the second data bufter.

2. The method of claim 1, wherein each of the rendering of
the first section of data and the rendering of the second section
of data includes a bitmap.

3. The method of claim 1, wherein generating the rendering
of the first section of data comprises:

retrieving a data item from a database; and

formatting the data item according to a layout, wherein:

the layout comprises an arrangement of one or more data
fields for presentation; and

formatting the data 1item comprises formatting the data
item for rendering according to the arrangement of a
corresponding data field 1n the layout.

4. The method of claim 1, wherein determining the data
field that straddles the rendering of the first section of data and
the rendering of a second section of data comprises:

determining a geometry of the rendering of the first section

of data and a geometry of the rendering of the data field
based on data fetched from a database and a layout for
formatting the data; and

determining, based on the geometry of the rendering of the

first section of data and the geometry of the rendering of
the data field, that the first portion of the data field, when
rendered, 1s mnside the first rendering, and that the second
portion of the data field, when rendered, 1s outside the
first rendering and 1s 1nside the second rendering.

5. The method of claim 1, wherein the data field 1s a
repeating data field that corresponds to multiple and separate
values.

6. The method of claim 1, wherein storing the generated
rendering of the data field comprises storing the generated
rendering of the data field 1n a tree data structure that includes
a plurality of nodes, wherein a parent node in the tree data
structure represents the rendering of the first section of data,
and a child node of the parent node represents the rendering of
the data field.

7. The method of claim 6, comprising:

receiving a change 1n the first section of data;

identifying the rendering of the data field according to the

tree data structure; and

updating the rendering of the data field according to the

change, including updating a portion of the rendering of
the data field that 1s outside the rendering of the first
section of data.

8. A non-transitory storage device storing instructions
operable to cause one or more data processors to perform
operations comprising;:

generating a rendering of a first section of data and storing,

the rendering of the first section of data in a first data
butter;

determining a data field that, when rendered, straddles the

rendering of the first section of data and a rendering of a
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second section of data that will be stored 1n a second data
butfer, the data field, when rendered, including a first
portion and a second portion, wherein determining that
the data field straddles the renderings includes determin-
ing that the first portion of the data field, when rendered,
1s stored in the first data buffer and that the second
portion of the data field, when rendered, will be stored 1n
the second data buffer:

generating a rendering of the data field separately from the
rendering of the first section of data and the rendering of
a second section of data and storing a rendered first
portion of the data field and a rendered second portion of
the data field in a cache; and

generating the rendering of the second section of data,
including at least storing the rendered second portion of

the data field, as stored 1n the cache, 1n the second data
bufter.

9. The storage device of claim 8, wherein each of the
rendering of the first section of data and the rendering of the
second section of data includes a bitmap.

10. The storage device of claim 8, wherein generating the
rendering of the first section of data comprises:

retrieving a data item from a database; and

formatting the data item according to a layout, wherein:

the layout comprises an arrangement of one or more data
fields for presentation; and

formatting the data 1tem comprises formatting the data
item for rendering according to the arrangement of a
corresponding data field 1n the layout.

11. The storage device of claim 8, wherein determining the
data field that straddles the rendering of the first section of
data and the rendering of a second section of data comprises:

determining a geometry of the rendering of the first section

of data and a geometry of the rendering of the data field
based on data fetched from a database and a layout for
formatting the data; and

determining, based on the geometry of the rendering of the

first section of data and the geometry of the rendering of
the data field, that the first portion of the data field, when
rendered, 1s 1nside the first rendering, and that the second
portion of the data field, when rendered, 1s outside the
first rendering and 1s 1nside the second rendering.

12. The storage device of claim 8, wherein the data field 1s
a repeating data field that corresponds to multiple and sepa-
rate values.

13. The storage device of claim 8, wherein storing the
generated rendering of the data field comprises storing the
generated rendering of the data field 1n a tree data structure
that includes a plurality of nodes, wherein a parent node 1n the
tree data structure represents the rendering of the first section
of data, and a child node of the parent node represents the
rendering of the data field.

14. The storage device of claim 13, the operations com-
prising;:

recerving a change 1n the first section of data;

identifying the rendering of the data field according to the

tree data structure; and

updating the rendering of the data field according to the

change, including updating a portion of the rendering of
the data field that 1s outside the rendering of the first
section of data.

15. A system comprising:

one or more computer processors; and

a non-transitory storage device storing instructions oper-

able to cause one or more computer processors to per-
form operations comprising:
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generating a rendering of a first section of data and
storing the rendering of the first section of data 1n a
first data butter:

determining a data field that, when rendered, straddles
the rendering of the first section of data and a render-
ing of a second section of data that will be stored 1n a
second data buffer, the data field, when rendered,
including a first portion and a second portion, wherein
determining that the data field straddles the render-
ings includes determining that the first portion of the
data field, when rendered, 1s stored in the first data
buifer and that the second portion of the data field,
when rendered, will be stored in the second data
butter;

generating a rendering of the data field separately from
the rendering of the first section of data and the ren-
dering of a second section of data and storing a ren-
dered first portion of the data field and a rendered
second portion of the data field 1n a cache; and

generating the rendering of the second section of data,
including at least storing the rendered second portion
of the data field, as stored 1n the cache, 1in the second
data buller.

16. The system of claim 15, wherein each of the rendering
of the first section of data and the rendering of the second
section of data includes a bitmap.

17. The system of claim 15, wherein generating the ren-
dering of the first section of data comprises:

retrieving a data item from a database; and

formatting the data item according to a layout, wherein:

the layout comprises an arrangement ol one or more data
fields for presentation; and

formatting the data item comprises formatting the data
item for rendering according to the arrangement of a
corresponding data field 1n the layout.
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18. The system of claim 15, wherein determining the data
field that straddles the rendering of the first section of data and
the rendering of a second section of data comprises:

determiming a geometry of the rendering of the first section

of data and a geometry of the rendering of the data field
based on data fetched from a database and a layout for
formatting the data; and

determiming, based on the geometry of the rendering of the

first section of data and the geometry of the rendering of
the data field, that the first portion of the data field, when
rendered, 1s nside the first rendering, and that the second
portion of the data field, when rendered, 1s outside the
first rendering and 1s inside the second rendering.

19. The system of claim 15, wherein the data field 1s a
repeating data field that corresponds to multiple and separate
values.

20. The system of claim 15, wherein storing the generated
rendering of the data field comprises storing the generated
rendering of the data field 1n a tree data structure that includes
a plurality of nodes, wherein a parent node 1n the tree data
structure represents the rendering of the first section of data,
and a child node of the parent node represents the rendering of
the data field.

21. The system of claim 20, the operations comprising:

recerving a change 1n the first section of data;

identilying the rendering of the data field according to the

tree data structure; and

updating the rendering of the data field according to the
change, including updating a portion of the rendering of
the data field that 1s outside the rendering of the first
section of data.
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